Performance of PVA-TiO2 nanocomposite thick film is also evaluated by capacitance method and result found to agree with coated modified clad optical fibre.
INTRODUCTION
Humidity is a physical quantity that has significant importance in many medical and industrial applications namely in the diagnosis of pulmonary diseases [1] , for mapping the human respiratory system [2] by monitoring the water vapor content of exhaled breath, meteorological applications to predict likelihood of precipitation, dew or fog, in incubators, pharmaceutical processing, textile production, building automation etc. Accordingly, controlling, sensing and monitoring of humidity are presently gaining a lot of research interest [3] . There are different traditional electrical humidity sensors available which have been exploited to measure relative humidity (RH) for the above mentioned application based on resistive, capacitive and hygrometric ones [4] . However, these conventional electrical methods for sensing RH, is associated with several drawbacks such as their high cost, regular maintenance, inability to be employed in hazardous or explosive environments and interaction with electromagnetic signals.
Research and studies on polymeric humidity sensors have continued and used in the industry over the past decades. Most of these sensors are fabricated based on thin films of porous polymers, and the sensing principles are similar to that of metal oxide ceramic sensors [5] . The functionality of the sensor is based on the physical and chemical absorption of moisture by the films and condensation of moisture in the pores, and therefore a change in some physical and electrical properties of the transducer. However, the demand for organic polymer based humidity sensors and its applications still have a lower degree of satisfaction compared with that for ceramic metal-oxide thick or thin film sensors although their fabrication and development has improved gradually to enhance their practical pertinence.
However, optical fibre coated with thin polymeric film can provide cutting edge due to their high sensitivity, resistance towards electromagnetic interference, corrosion resistance, easy construction of large sensor network and remote sensing network ability. RH sensors based on fibre-optic techniques, can be classified according to the methods on which they rely, namely direct spectroscopy [6] , fibre bragg gratings [7] , interferometry [8] and evanescent wave based [9] . These mentioned techniques have their own advantages and disadvantages out of which FBGs based humidity sensor offers a wide response range, but it is easily disturbed by temperature, strain etc. and needs expensive and complex technology. Accordingly, research is continuing to develop improved materials with better and enhanced technique for RH sensing which can be cheap and easy to implement in practical application. The fibre-optic sensor using cladding modification methodology is very interesting because of its wide dynamic range, high sensitivity, easy to fabricate and can be constructed by simple optical design for remote sensing [10] [11] [12] .
Polyvinyl alcohol (PVA) is already implemented for humidity sensors [13, 14] while TiO2 with nano sized powders [15] are potential candidate for gas sensing [16] , photo-catalysts, photo-electrodes for photo-splitting water, and solar energy conversion etc. [17] .Among the different phases of titanium dioxide, anatase phase is widely accepted for sensing applications [18] . Based on this background, here we report synthesis and characterization of a polymer composite based on PVA doped with TiO2 nanoparticle [19] [20] [21] [22] . The humidity sensing performance of this composite material over modified clad optical fibre is also evaluated and found to exhibit excellent performance in the range of 9 to 95% RH. Finally, the performance of the same material as a thick film under controlled atmosphere condition is also measured by capacitance method under controlled atmosphere and result established that our developed materials is a potential candidate for humidity sensing application covering a wide RH range with good process repeatability.
II. EXPERIMENTAL a. Experimental set-up:
The performance of the sensor was tested by placing the sensor in a humidity chamber with a volume of 5 liter held at 25C within a thermostatic housing. The desired humidity level was controlled by using different kind of chemical salt solution which was optimized for a particular % of relative humidity. The environment in the chamber was monitored by SHAW Dew point meter & Relative Humidity meter ( Fig.1 ).
Figure. X-ray diffraction (XRD) (PANalytical, X'Pert Pro MPD,The Netherlands) studies of synthesized particle calcined at different temperatures is presented in Fig. 2 . The diffraction patterns of as synthesized powder is well indexed to the rhombohedral structure (JCPDS No.
85-0868), calcination at 700 C transforms this into anatase phase of TiO2 (JCPDS no. 84-1286), and calcination at 800 C and 1000C transforms into rutile phase of TiO2 (JCPDS no.
86-0147). Diffraction peaks corresponding to the impurity are not found in the XRD patterns, confirming high purity of synthesized sample. The increase in intensity of the XRD peaks with calcinations temperature indicates increased crystallinity while crystallite size for derived particle is calculated using Debye-Scherrer's formula as presented in Table 1 .
Table1: Crystallite size of titanium dioxide at different calcination temperature Sample Crystallite
Size(nm)
As Synthesized TiO2 32
Calcined powder at 400º C 8
Calcined powder at 600º C 17
Calcined powder at 700º C 34
Calcined powder at 800º C 41
Calcined powder at 1000º C 50
In Fig indicates that synthesized TiO2 particles exhibit irregular morphology due to the agglomeration of primary particles but spherical morphology achieve after calcination process. EDX analysis also confirms the presence of Ti without any impurity after calcination.
Figure. The comparison of XRD pattern (Fig.8 ) in the range of 15 to 60 of the pure PVA film with that of PVA-TiO2 composite clearly reveals that, the addition of TiO2 in polymer reduces the intensity of the main PVA peak followed by a broadening of the peak area leading to increase in the degree of amorphousity. Additionally the separate peaks indicate the presence of TiO2.
Figure. was then coated with developed polymer composite using dip-coating machine (Delta Scientific, India) maintaining optimized dipping speed to achieve desired coating thickness and coating uniformity followed by curing at 80C under an inert gas atmosphere. Coating thickness of the modified-clad optical fibre was varied from 10 to 50 µm. The optimised coating thickness (Fig.12 ) of the modified clad optical fibre was taken in this experiment. In order to evaluate repeatability of the sensing performance, the coated fibre sample was dried after each sensing experiment around 100C for 30 minutes to ensure evaporation of any absorbed moisture in the coating layer followed by repeating sensing performance again. This repeatability experiment was performed up to 3 cycles. From chemical view point, when PVA-TiO2 coating material is exposed to water it swells due to formation of weak secondary bonding with the OH-group present in PVA; the swelling of the coating layer changes with change in moisture level and results in variation of layer density of composite coating material which in turn changes the refractive index of the coating layer. From graph 14b the RH response of the sensors is found to be linear with increasing RH from 9 to 95 % RH. This result clearly shows that our developed composite material exhibit better sensitivity performance compared to pure PVA (50 to 90%) [25] [26] and pure TiO2 (10 to 62%) RH range [16] , [27] . A long period grating humidity sensor coated poly(ethylene oxide)/CoCl2 can detect RH variation in the range from 50% to 95% [28] .Response time of the optical fibre humidity sensor based on nanocoatings applying the electrostatic self-assembly technique is lesser than 300 ms, but the dynamic sensing range is 75-100% RH [29] . A tapered optical fibre based humidity sensor using nanostructured sensitive coating shows changes in RH from 75% to 100% [30] . For SiO2 nanoparticle coated optical fibre based humidity sensor maximum sensitivities have been achieved at a high humidity range of 83.8%RH to 95.2%RH [31] . The repeatability performance of the fibre sample is found to be acceptable even after 3 cycles as presented in Fig.15b which indicates that our developed composite materials exhibited good process repeatability besides liner performance in the range of 9 to 95 % RH.
III. RESULT & DISCUSSION
a. Preparation and sensing experiment with PVA-TiO2 thick film using capacitance method
It is beyond our limit to control % RH in closed chamber in laboratory during testing of modified clad optical fibre sensor. Accordingly, we utilized capacitive method by which the % RH sensitivity of the same sensing polymeric composite material could be evaluated in closed chamber in a control manner [32] [33] . The PVA-TiO2 composite thick film was prepared using conventional solution method over a glass substrate which contains coating of a conductive paste of silver composite. Another layer of conductive paste was deposited over and overall dielectric constant of the material will be increased. At low % RH range less water molecules enter into the pores leading to small change in capacitance while at higher % RH range water molecules tend to form cluster into the pores of polymeric composite material and therefore sharp change of capacitance occurs at higher % RH range. Fig. 17 also exhibits a comparison of PVA-TiO2 nanocomposite material with polymeric composite material consisting PVA-TiO2 micro particle and pure PVA, which establishes that our synthesized PVA-doped with TiO2 nanoparticle exhibits excellent performance and is a potential candidate for humidity sensing purpose within the range of 9 to 95% RH.PVA and TiO2 nanocomposite shows better performance than pure PVA and PVA micro particle. Figure. 17 Capacitance of polyvinyl alcohol and titanium dioxide composite film using titanium dioxide nano and micro particle as humidity sensor
IV. CONCLUSION
We present synthesis and characterization of PVA loaded TiO2 nanoparticle polymeric composite material. The performance of developed polymer composite towards humidity sensing is also evaluated by coating them over modified clad optical fibre which exhibited good moisture sensing performance with excellent process repeatability and response time of 27s and recovery time of 30s. The measurement is insensitive to temperature. It also has advantages of robustness, low cost, and easy operation in practical applications. Additionally, we report experimental result of PVA-TiO2 composite thick film's moisture sensitivity performance using capacitance method and the sensitivity graph (Fig.16 ) exhibited quasilinear change with capacitance over 9-95% RH range and established that our developed material is a potential candidate for fibre optic humidity sensor.
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